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Discussion and decision
1. Introduction
Agreement from RAN1#68bis:

· At least for localised transmission, the antenna port(s) for ePDCCH is/are determined by a combination of:

· implicit determination from the time-frequency locations of the REs used by the corresponding DCI message, and 

· a UE-specific configuration 

· FFS till RAN1#69 what the configuration comprises (e.g. RRC signalling, UE ID, etc)

· FFS till RAN1#69 whether this applies to distributed transmission
In this contribution we suggest in a few proposals how to further progress the ePDCCH design taking into account the agreements reached so far.
2. Discussion
In order to ensure robust operation when accurate channel state knowledge is not available it is agreed that also a diversity transmission scheme should be available for ePDCCH, in addition to the UE-specifically precoded ePDCCH. The diversity transmission scheme for ePDCCH may be based on both frequency diversity and spatial diversity for robust operation. As is discussed in our companion contribution in [1] we see that the best approach for supporting the distributed and localized ePDCCH transmission is to support them on separate PRB pairs. This allows, among other benefits, the optimization the DMRS usage separately for the two cases. In the following we discuss the two cases therefore separately.
3. Localized ePDCCH region

For localized precoded ePDCCH transmission a single DMRS antenna port is needed per PRB pair and ePDCCH transmission. Let us assume the PRB pair is split into maximum of 4 eCCEs numbered according to Figure 1.
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Figure 1: Up to 4 eCCEs to be multiplexed within a single PRB pair, eCCE4-6 denote aggregated eCCEs

Noting that maximum of 4 UEs may be multiplexed on the same PRB pair, and also that 4 DMRS ports are available, the most straightforward configuration is to use implicit mapping between the two as a default, as shown in Figure2. This is a natural solution for aggregation level 1 (AL1). For higher AL we may further UE specifically configure the antenna port, such that for instance eCCE4 may be demodulated either by AP7 or AP8. If the search space structure is tree-like as suggested in [2], the AP mapping on higher AL may be the same as is used in the eCCE on AL1 that is configured in the search space. This configuration has the advantage that the number of different channel estimations required by the UE is minimized.
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Figure 2: Implicit mapping of DMRS AP and eCCE on AL1, UE specific mapping on higher AL.

Therefore, for the localized ePDCCH transmission we make the following proposal:

Proposal 1: For the localized region, the mapping between DMRS AP and eCCE is implicitly determined by the REs used in the corresponding eCCE transmission. On aggregation level 2 and higher this may be combined with UE specific configuration, e.g. as part of the search space configuration.
4. Distributed ePDCCH region

With frequency diverse transmission of ePDCCH UE specific demodulation reference may not be the optimal solution. A minimal number of reference signal resource elements within each PRB are needed to get robust channel estimation so assuming that the ePDCCH is split over multiple PRBs the relative reference signal overhead could become prohibitive. To provide efficient support for frequency diverse transmission shared DMRS should be used. Shared DMRS can be obtained from UE specific DMRS by configuring the same sequence and port for multiple users.

Proposal 2: Support for shared demodulation reference signals should be considered for the distributed ePDCCH.
For the diversity transmission scheme two mechanisms may be considered, namely frequency diversity and spatial diversity. Frequency diversity may be obtained by mapping the ePDCCH transmission to multiple PRB pairs. Spatial diversity can be obtained by either a transparent scheme (PRB pair level precoder vector switching, PVS) or by non-transparent scheme such as RE level PVS or SFBC type of transmission. A diversity transmission scheme is needed whenever there is no reliable frequency selective CSI information available. Therefore, it is reasonable to assume that in a diversity transmission we should seek maximum reliability by utilizing both frequency and spatial diversity. The same approach was also chosen for Rel.8 PDCCH.
The disadvantage of non-transparent spatial diversity transmission schemes is that they need more than a single antenna port per eCCE. If the distributed ePDCCH uses a separate region from the localized region in terms of PRB pairs, the need for additional DMRS antenna ports is not an issue, since there are in any case up to 4 available. However, note that if the PRB pairs are shared between localized and distributed ePDCCH, the additional antenna ports needed for the diversity transmission may be reused from those used for the localized transmission.

Now, let us further consider the mapping of DMRS AP to the distributed eCCEs. In case of a separate region for distributed ePDCCH, the most straightforward solution is to have common DMRS for all distributed eCCEs. This way there is no need for separate configuration signaling for the determination of the antenna port, except perhaps for the number of antenna ports in use. In case of spatial diversity, we may further use up to 4 DMRS AP in the diversity transmission. In any case these DMRS ports may be shared among the different UEs ePDCCH. The specific antenna port mapping to RE/eREGs may be then implicitly determined by the RE/eREG location the PRB pair, which leads to a design that resembles the Rel.8 PDCCH:
Proposal 4: For a separate distributed ePDCCH region the mapping between DMRS AP and each RE/eREG is implicitly determined by the REs used in the corresponding ePDCCH transmission as in Rel. 8 PDCCH. The DMRS is shared between the distributed eCCEs.
5. Other aspects related to DMRS use for ePDCCH

It has been agreed that the ePDCCH is demodulated using DMRS antenna ports 7-10. One remaining issue is whether these antenna ports are to be present in all PRB pairs used for ePDCCH. More specifically, it should be considered whether it is possible to rate match around only 12 REs in case only one or two antenna ports are needed for the eCCEs in the corresponding PRB pair. The obvious benefit from such operation would be that additional 12 REs would be possible to be used in the transmission of the DCI messages. Depending on the other signals present in the PRB pair this may correspond to roughly 10% additional overhead. However, the use of these additional REs has to be configured as part of the ePDCCH configuration to the UEs. Therefore, one could not take advantage of the additional REs in a dynamic manner. In addition, the extra REs would be mostly available in case only one or two UE specifically precoded ePDCCH transmissions would be present in the PRB pair. Therefore we see that the use case for adapting between 12/24 DMRS REs is rather limited and do not see large potential gains as compared to the additional complexity that would be implied. Even in the case of separate distributed ePDCCH region with dual transmit antenna diversity transmission, it may be beneficial to use full 24 DMRS REs and map the spatial layers to antenna ports 7 and 9 in order to benefit from the additional DMRS power in channel estimation accuracy. Hence, we make the following proposal:
Proposal 5: The ePDCCH should be rate matched around 24 REs that are used for transmission of the DMRS in each PRB pair carrying ePDCCH. An exception may be made for the case of single antenna port transmission scheme for distributed ePDCCH region.
Power domain link adaptation (LA) similar to what is possible in PDCCH is a potential gain mechanism in control channel link adaptation. This should therefore be available also in ePDCCH. Regarding DMRS port usage, it has been proposed [3] that power boosting of DMRS AP 7/8 could be considered by blanking the REs used for DMRS AP 9/10. In addition to the mentioned drawback of higher interference level that such a scheme would generate, another problem is that such power boosting would reduce the power domain LA margin for ePDCCH. Therefore, the following proposal:
Proposal 6: Power boosting of DMRS AP 7&8 in case DMRS AP 9&10 are blanked should not be allowed due to the generated additional interference and the decreased margin for ePDCCH power domain LA.
6. Conclusions
This contribution has discussed demodulation reference signal design for ePDCCH.
To summarize we repeat the proposals here:
Proposal 1: For the localized region, the mapping between DMRS AP and eCCE is implicitly determined by the REs used in the corresponding eCCE transmission. On aggregation level 2 and higher this may be combined with UE specific configuration, e.g. as part of the search space configuration.
Proposal 2: Support for shared demodulation reference signals should be considered for the distributed ePDCCH.
Proposal 4: For a separate distributed ePDCCH region the mapping between DMRS AP and each RE/eREG is implicitly determined by the REs used in the corresponding ePDCCH transmission as in Rel. 8 PDCCH. The DMRS is shared between the distributed eCCEs.
Proposal 5: The ePDCCH should be rate matched around 24 REs that are used for transmission of the DMRS in each PRB pair carrying ePDCCH. An exception may be made for the case of single antenna port transmission scheme for distributed ePDCCH region.
Proposal 6: Power boosting of DMRS AP 7&8 in case DMRS AP 9&10 are blanked should not be allowed due to the generated additional interference and the decreased margin for ePDCCH power domain LA.
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